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1. Introduction

In spite of the need to devote most of our time to the develop-
mental work of the wheat seedling experiment in the biosatellite
Project, we have been able to complete some auxin studies with green-
house plants., This work was expedited by the provision of improved
facilities in the new Gilman Life 3ciences Laboratory where we have
modern equipment, use of controlled environment chambers for plant
growth, and easier access to electronic instruments and the time-
sharing system of the Dartmouth G, E, Computer,

The auxin studies have resulted in the publication of 2 signifi-
cant technical papers, additiobal evidence for some points reported
in these and earlier papers on auxin transport, and an accumulation
of evidence for a third paper to be submitted soon for publication,
The scientific evidence for auxin control of orientation in wheat
seedling organs with reference to gravity has also been published in
a fourth paper that describes the methofl used in the biosatellits
project to grow seedlings with their roots free of a dense substrate,

A by-product of difficulties encountered during the summer of
1966 while attempting to germinate wheat seeds within the flisht-type
hardware has opened up a new field in growth research, Afiter a 2-
month search for the cause of failure, electric heater blankets
around the growth chambers were found to inhibit seed germination,
The effect seems to be an interference with cell division, A less
severe restriction of plant growth has also been demonstrated for
low-gauss magnetic fields, an effect that may be related to that from
the heater blankets. Both effects are unknown to science within the

ranges of energies available for interference with growth processes.,
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2, Publication of Paper on Geotropism

Our paper on the downward transport of auxin (indoleacetic acid)
by gravity during the formation of geotropic growth curvatures in a
vascular plant was published in the January, 1965, issue of Plant
Physiology. The title was “Auxin ‘“ransport in Geotropic Curvatures
of a Branched Plant"”. Reprints were furnished with the semi-annual

report of Iliarch 18, 1965,

3, Completion and Publication of Axial Curvatures Paper

The importance of gravity in maintaining an erect axis in most
terrestrial plants was first noted by us in a short paper in Science
in 1962, It described previously unreported curvatures that form in
axial stems which grow while the plants are being rotated about their
horizontal axes, During the subsequent 3 years we used our system of
applying radioactive auxin (IAA-C14), extracting the products of its
degradation, and assaying the C14 with a liquid scintillation counter
to establish the basis for the unequal growth on opposing sides of the
axis,

We found that a large excess of the radiocactive amxin was trans-
ported to the convex side of a curved stem., Sharper curvatures were
correlated with greater imbalances of the growth hormone, Gravity
corrects imbalances in auxin supplies and in uneven transport of auxin
from s terminal supply. The method of correction is that reported for
geotropic curvatures — lateral transport of the IAA to an even
slizhtly lower side,

The downward transport action of gravity has the additional effect
of moving auxin downward as far as the roots when the supply is so
abundant that some suxin can reach the roots before it is degraded in

the transport tissues. VWhen gravity cannot act to assist the downward
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movement, as on a horizontal clinostat, some tissues in long, immature
internodes get so little of the auxin that the growth zones fail to
elongate ag rapidly as corresponding tissues do in erect stems,

These lines of evidence for a significant effect of gravity on
the growth of erect plants were combined in a paper on "Action of
Gravity on Basipetal Transport of Auxin®. It was published in the
September, 1965, issue of Plant Physiology. Reprints of this paper
have been in such great demand by students of auxins that the supply

is now very low but copies were sent earlier to the NASA Office of

Grants and Contracts.

4, Retarded Axial Growth on Clinostats

Our published evidence for retarded growth of internodes that
develop on horizontal clinostats was obtained with seedling tomatoes
and Torenlas. Data used for the paper on basipetal transport included
measurements from a group of 10 tomato plents thet were kept hori-
zontal for 6 weeks, 'ie have since confirmed the stunting effect by
2 repetitions of the tomato experiment. The number of nodes and in-
ternodes remained the same in erect and clinostat plants for the
6-weeks period but extension of the growth period resulted in the pro-
duction of more new internodes on the erect plants, The difference
was probably due to much greater leaf surfaces on the control plants
and the resultant more energy and materials for making new tissues.

Similar work with seedling Coleus plants for 3 months during tlie
summer of 1965 failed to confirm the production of shorter internoces
on clinostats, The plants were grown, however; from a mixed lot of
seeds and longer internodes developed in erect seedlings of only a
few varieties. The other strains grew with such short internodes that

the endogenous mechanism for the basipetal transpor

3
t was apparently
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sufficient to provide auxin to all levels of the immature internodes,
regardless of the orientation to gravity,

A later test with seed of 2 "Red" variety of Coleus was conducted
from Nov. 3, 1965 to Jan, 3, 1966, This variety was chosen because
the plants had rela tively }ong internodes during the early periods
of growth from seed., Of 10 transplants at the 2-leaf stage, 5 were
attached to a 1 rphyclinostat and the other 5 left to grow as erect
controls on the same greenhouse bench, The plants with horizontal
stems grew more slowly and had develpped pronounced axial curvatures
after 2 months. The beneficial effect of gravity on bhasipetal trans-
port in stems was thus confirmed with a third speciles,

Sections from some of the internodes from erect and clinostat
plants were fixed in February, 1966, and preserved for anatomical
study. Vhen time permits we shall cut longitudinal sections of each
positibn of growth and make microscopic measurements of cells in tle
internodal tissues. Ve shall be looking for quantitative differences
in cell elongation between the longer internodes of the erect stems
and the shorter internodes of the horizontal stems, We made a pre-~
liminery report of this condition in tomatoes (Plant Physiol. 40: 953-
961, 1965) and have in storage more such tomato tissues as well as

those from the "Red" Coleus.

5, Slow Transport of Radiocactive Auxin in Horizontal Stems

To feinforce our evidence for a gravity effect on the movement
of auxin through a stem, we have conducted a series of tests to tracse
the movement of radioactive auxin (IAA-C14) through defoliated axes
of tall Coleus plants. The auxin 1s applied to the decapitated end
of the stem where the tagged compound enters from a cap of lanolin

paste, The downward movement of the radiocarbon in the auxin is
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traced by assays of extracts from the upper nodes and internodes, each
at a measured dlstance from the auxin source,

For a single test, 15 potted plants each are used to supply the
auxin to Coleus stems ereoct or on clinostats, After 2 days in a dark
room, the stem tissues are removed, weisghed, diced and stored in a
deep freeze for later extraction and radioassay,

The data and material from 8 such tests have been collected,
Assays of part of the material have been wade. The data have not been
completely analyzed but they seem to agree in the demonstration of
more auxin and its metabolic¢ products in the stems that were horizontal

during the 2-day periods of auxin transport toward the roots,

6. Tumbling vs, Horizontal Rotation

It is generally agreed that the continual horizontal rotation of
a growing plant prevents the development of & geotroplae curvature in
a growth zone because the receptor tissue 1is turned to a new orienta-
tion with gravity before the chain of events of the presentation
period has been completed, The constant interruption in reaction to
a gravity vector prevents the multilateral stimulus from being ef-
fective for stimulation of unbalanced growth,

If this continual change in orientation is the cause of the fail-
ure to respond to the stimulus, the same rotation effeoct should be
croduced by tumbling the plant end over end about a point outside the
regions of receptor tissue. Possible imbalance in illumination and
other factors can be avoided with experiments in a dark room at a
constant temperature,

We have used the growth curvatures of branch epinasty in Coleus
for bioassay of comparative effects of the 2 methods of plant rotation,

Plants were cultured for 2 branches each and selected in groups of 10
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for branch length of 10 to 20 cm, The 20 branches were defollated,
the tips cut back to the first firm node, and a ¢ap of 17 IAA in lano-
1lin applied to the freshly cut end of each branoch, The initial anju-~
lar position of each branch was then recorded on paper by the system
of shadowgraph tracings previously described for our study of epinasty.

The 10 plants were attached in 2 sets of 5 each to a clinostat
that turned at 6 rph, with the axes of the plants either horizontal
or at right angles to the axis of revolution, The potted plants in
the second position were held in special cradles to avoild displacement
as they turned end over end with the paired branches oriented either
in the plane of rotation or normal to this plane,

Bach set of measurements of epinastic curvatures in the branches
was made after 12 hours of rotation in darkness at 24,5 * 0,5° C.

The second set of branch position tracings was made on the same sheet
as the first, with the tracings of fixed reference stakes superimposed.
The angle between tangents drawn to the initial and terminal position
tracings was used as a measure of the lmbalance of growth during the
rotation,

Lfter the plants had been left erect to gravity in the sare dark
room for 24 hours to permit growth adjustment of the branches to tasir
plagiotropic positions, the 10 pairs of branches were used for a
second test, either with a change of orientation or with the same
positions of the plants for duplicate measurements., In all cases tlLe
number of 12-hour periods of rotated growth with epinastic curvatures
was divided equally between day and night hours for any one position,
since the growth rates of the branches were always greater during the

period between 8 p, m, and 8 a, m,
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Table 1. Epinastic curvatures on horizontal clinostats
and tumble wheels, Jata are means of 80 measure-

ments for each test.

Rotation method Mean curvature in 12 hours
Series 1 - lov, 25 to Feb, 3

Horizontal 78,2 t 4,7°

Rotation tumble 78,5 + 5,7°

Wormal tumble 76.2 t 5,6°

Serles 2 - Feb, 8 to iiarch 9

Horizontal 87.,2 t 4,6°
Rotation tumble 81,6 + 4,9°

+

The results of 2 series of experiments are shown in Table 1 above.,
“he greenhouse plants of the first series were growing less vigorously
than those of the second series for which the daylight hours were also
longer., The similar results for the 2 orientations of tumbled plants
showed a lack of polarity effects in the paired branches and left
only the question of benefit from using a clinostat,

Since there were no significant differences among the 5 sets of
test plants, the tumblin; motion proved to be as effective as rotation
in the horizontal position for preventing lateral transport of auxin
by gravity. A tumbling system could be used either alone or in com-
binction with the traditional clinostat but rotation about the hori-
zontal axis of the plant remains the more convenient method for most
studies of geotropism and the distribution of growth regulators,

This evidence and analysis will be submitted for publication in

a suitable journal as soon as our time permits,




7. Biosatellite Work

An increasingly large proportion of our time has been devoted to
refinement of the wheat seedling experiment in the Biosatellite Project.
After the flight-type hardware was fabricated, the biocompatibility
tests required practically all our attention,

The major part of the testing program was carried out at the
Philadelphia facility of the General Electric Company during the
Spring and Summer of 1966, In addition to proving the stability of
the package and its capacity to contain the experiment within the
spacecraft, the series of tests and the many delays between single
tests provided an opportunity to work closely with members of the 2
other groups of experimenters who are using the wheat seedlings for
their studies,

Our combined efforts developed dependable techniques for growing
uniform seedlings, We worked out an acceptable set of steps (see the
attached report for contract NAS2-1558) to follow in preparing the
materials and planting the wheat seeds for the flight experiment, 1In
the course of several simulated launches, we established a firm time-
table for loading and closing the package at the correct time in the
master plan for putting the payload in the spacecraft., Our "standing
instructions™ were developed and tested from the start for sim:ltane-
ous delivery of the "flight" and "back-up" packages as required for
the actual launch procedure,

A detailed description of this biosatellite work through the
month of June, 1966, is attached as a supplement to this report.

A copy of a published technical paper concerning the experimental
method and auxin physiology of vheat seedling growth within the bio-
satellite package is also attached, This paper was published only
recently (September, 1966) in the June issue of Plant Physiology.
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Its analysis of seedling organ orientation, both erect to gravity
and during rotation on a horizontal clinostat, supplies the physio-
logical basis and considerable baseline data for judzing the effect
of weightlessness on a characteristic phase of plant growth as 1t
will be tested in the coming orbital flight of the experiment,

The testing program for the months of July and August was en-
livened but delayed by failure of the wheat seedlings to grow well
durinz; the first test of the experiments for 3 days within the first
of 3 spacecraft built for the project. Since this was a thermal-
vacuum test of the systems that maintain the environment of the
vehicle, and because the very poor germination of the seeds was re-
stored to a normal condition by subsequent return of the package to
room temperatures, considerable time and effort was expended on con-
firmation of the temperature readings as reported from the thermal-
vacuum tests. Secondary and repeated tests with carefully controlled
temperatures produced only retarded growth of the seedlings at temper-
atures knowvn from our earlier work to provide for the growth of much
longer seedling organs,

In cooperation with the directors of the tests, we remained at
the Philadelphia laboratory all summer to aid in the search for the
obscure factor that inhibited the seed germination, Late in August
we discovered that the seeds failed to germinate properly in our
package only if the electric current was flowing within the heater
blankets around the 4 growth chambers, The final thermal-vacuum test
of the spacecraft was therefore conducted without activation of the
heating units. The seeds germinated normally and thereby removed the

last doubt of the readiness of our experiment for use in the space-

craft.,
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In the course of the search for the cause of the growth failures
during the thermal-vacuum tests, we explored the possibility that
seed germination can be inhibited by some magnetic field effect with-
in the spacecraft, We obtained some evidence for retardation of
growth in a field as low as 3 gauss, Since the field produced within
the zrowth chambers by .the electric heater blenkets measures only
about 1 milligauss, the cause of the severe retardation by activated
heater blankets cannot be attributed to their magnetic field. It
remsins a mystery but the inhibition must be due to some unknown
ohysical effect on the growth process, We suspect that the adverse
effect is induced through an interruption of cell division processes,
perhaps by preventing normal action of the spindle fibers during
mitosis., Whatever the cause, the discovery of the effect and subse-
quent analysis of the cause and mode of action should provide a sig-
nificant contribution to knowledge of the growth process in plent

tissues., We hope study the problem further at a later date,

412 Gilman Laboratory
Dertmouth College
nanover, lie S Charles J, Lyon

Oct. 6, 1966
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I, INTRODUCTIONM

The second year of work to develop reliable hardware and tech-
niques for growing wheat seedlings within a 3~day satellite began with
studies to improve the cultural techniques, introduced methods to stu.iy
the physiology of organ orientation to gravity, and ciosed with
critical tests of seedling growth within flight hardware installed in
its place beside other units of the spacecraft's payload, Active
cooperation between the 3 groups of experimenters who will use the
plants that grow in orbit has produced a set of planting procedures
that now yield uniform scecedlings. Close cooperation and several meet=-
ings with the supervisors of the pre-flight and launch arrangements
have also enabled us to prepare acceptable sets of procedures for the
pre-launch and post-~recovery operations,

Cur method for germinating a grass-type seed with the coleoptile
and root tips free of mechanical contacts and obstructions has enabled I
us to use our experimental data on orientation to analyze the auxin
physiology of seedling development with reference to geotropism. A
technical report of this study has been accepted for publication in the
September, 1966, issue of Plant Physiology (actually used in June issue),

Biocompatability tests of the flight package, conducted outside
the spacecraft, have established the adequacy of the hardware unit
but a serious retardation of seed germination appeared when the package
was used for a 3-day growth test within the spacecraft vhile the cap-
sule was held within a thermal vacuum test chamber., The difficulty
appears to involve either electrical field effects from equipment
within the test chamber or temperatures much lower than those recorded

by the system used at the General Electric faeility in Philadelphia,

It was finally traced to an unknown effect of the heater blankets,
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1I. REFINEMENTS IN TECHNIQUES

1. Lateral Curvatures of the Primary Root

In carlier reports we have described the use of the side-view
angle of the primary root as a useful criterion for measuring the
effect of gravity on the orientation of this root, The lateral devi-
ations of the root have been noted to be appreciable when the seedling
grows erect to gravity and very irregular when grown on a horizontal
clinostat,

Analysis of these lateral variations from the 180° position (=
straight down from an erect embryo axis) has revealed that the mean
deviation from 180° is consistently much greater when the geotropic
effect of gravity is lacking, Table I shows the difference for 2 sets
of tests made during a S-month period in 1965, with germination in

darkness at 77° F. for 72 hours after soaking of seeds for 4 hours.

Table 1. Variability in Lateral Deviation of Primary Root

Growth No, of .

Position Tests Mean Curvature + S.E. Range of Means
Erect 27 9.0 + 0.4 5.4 « 13,1
Clinostat 30 39.6 + 3.1 14,2 ~ 79.0

The use of this variability in lateral curvatures of the primary
root corresponds exactly with the practice reported earlier for the use
of such curvatures in the coleoptile, This new criterion holds even
greater promise for analysis of the results of the orbital experiment.
The coleoptile shows only small curvatures in the absence of a geo-
tropic response unless the length exceeds 7 or 8 mm, but the primary
root always grows long enough, even in 48 hours, to produce lateral

displacement of the tip by many degrzes from the 180° position.



The rcecason for the great variations in the growth rates on the
sides of the primary root in the plane of the lateral roots must bec
sought in the growth controls within the tentral root. Since gravity
reduces the growth curvatures to less than 5 degrees on the 2 sides of
the vertical axis, appreciable imbalances of auxin transport in the ab-
sence of a gravity effect are the most probable cause for the curva-
tures, Variations in the imbalance between individual roots would
account for the great range of mean lateral curvatures (cf. Table 1),
If the variations in auxin distribution occur within a single root
during the course of its growth for 48 to 72 hours, they would account
for the cases of changes in direction of growth of a root during such

growth periods,

2. Growth Tests with Lower Temperatures and long Holds

During the development work for growing wheat seedlings in the
special seed stalks prior to July, 1965, we used a growth temperaturc
of 77° F. as specified for the orbital experiment. The length of the
72~hour test period, however, was measured from the time of planting
the soaked seeds. The result was to shorten the growth period in com-
parison with that of the 3-day flight which will start only after a hold
of several hours while the rocket and spacecraft are being prepared for
launch, |

then the tentative 5-hour hold period was extended to a minimum
of 8 hours, with uncertainties about the spacecraft and package tempera-
tures before and during orbit, we carried out some tests with various
temperatures and hold times, The lengths of seedling organs developed
under several combinations of time and temperature conditions are shown

in Table 1I on the following page.
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Table II. 72-Hour Growth of Wheat Seedlings at Dartmouth for Lﬁf
Effeots of Temperature and Hold Time on Organ Length in Holders
(lengths in mm,.; new tests with vermiculite <40 & >80 mesh)
@ crovtn  mold  Erect Seed. _ Primary Left  Right

Temp. Hrs, Temp, or Cl, No, Coleoptile Root Root Root = .

7 O(Ow. tesTs)E or C ©®  ca, 8,0 ca, 31.0 ca.;} 18,0 ca., 18.0

"2 0 CE 11 6.5k .6 347515 17.081.4 18,4619 | .

"0 B 11 6.2k .8 83.741.9 16,261.6 14.562,0

" 90 ¢ 15 9.9t .7 ,'35.11:1.6' 23,01:1.1::‘? 23.6t .8

" 0 e oon 10,71,0 35,9t .9 20.5t1.3 21.3t1.6 v

70 8 43 E .18 6.8k W5 55.5t1.4 19.2£1,8 19,517 3"_";',‘.' |

"W 615 6 .3 32.8t1.6 22.6£1.4 20,0£1,6 1
S "M B 12 6.5t .9  50,8£2.0 18.9t1.5 18.8% T

v won R 1 e .5 BL.0HLA 18.9t1.1 14,4813 .
W mow g 15 8,2k .9 34,143.5 20,5%1.4 20.8t1.4 . -

w0, 8 72 - E 14 9,5 .8 37.0t2.6 25.5t1.6 28,4415
o " 75 E 14 6.4t .6 37.4t1.9 20.2£2.0 22.4t1.9
| On "2 G 14 RXTICE 39.3t1,0 24,6t2,1 24,5£1.8 :

WM ws 0 G 14 M3k W7 BT.9t1.6 22.0tL.2 25,5816 -

(& S CE 11 7.6 .9  32.2t2,8 23,5t1,3 -23.31:1.4‘ﬁf
cwoowogs B 11l M.5t1.3  34,2£1.6 21.8£1.6 21.4k1,3
e G . 13, 844£1,0 . 32.5tl.4  25,0£1,2 22,4£1.7
e AT 10,0£1,5 ~ 33.5£2.4 23,515  25.3t1.7 S
o a2 B 16 BBt o6 B34.0t1.8 26.Ft2.2  26.1t1.8.:
Cowmomoml o150 8,2t 46 33.,6tl.8 22,141.9 22,7417 -

ST I N E 12  8.21,1 31,742.0 18,4t .8 17.8f .9
; e mw E 12 " 10,0£1,3 31,9%2,0 21,3t1.,8 22,3tl1.5
DR LI ¢ 14  14,4t1.5 27.4t2.5 18.9:1.1. 19.3% .7
‘_‘.L' Notes: Seedling numbers of 1l or 12 represent grbwth in l2-unit holders, 

A hold of 12 hours 1s intolerable because seedling growth has
- then started; retardation of growth by refrigeration will be
impossible at the Cape. Lo

P ; PT) L
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The 5 tests of refrigerator hold (43° F.) for 8 hours showed that
subsequent growth at either 70° (no benefit from heating blanket) or
77° was about the same as that without a hold period, However, this
point is unimportant because the requirements for launch preparations
ineclude spacecraft and package temperaturcs like those of later orbit,

With an 8-hour hold at a temperature abovo43° F, but somewhat be-
low the projected 77° F,, the subsequent 3-day growth produces longer
roots and coleoptiles at either the spacecraft temperature of 70° F. or
the possible package temperature of 77°. The greater increases are in
the length of the lateral roots and coleoptiles. This is fortunate for
orientation measurements since contact of these organs with the walls
of the chambers rarely occurs, The increased growth after a hoid of 8
hours should also help to produce significant orientation data from the
fraction of the seed population that is slow in the early stages of
germination. Seedlings from these slow starters are more likely to bc
of useful size at the time of 48-hour fixation if the hold time is at
least 8 hours,

The increased length of the primary roots may produce more cases
of root tips in contact with the side walls at 72 hours but the extra
losses will not be serious if the orbital growth has a pattern close to
that in clinostat experiments, The contact is made only if the side-
view angle approximates 90° at the 48-hour stage with a face-view angle
less than about 20° from the 180° position. A side-view angle either
larger or smaller than about 90° permits considerable further elongation
of the primary root without contact with a chamber wall.

iXtension of the hold time to 12 hours did not increase the con-

tacts of root tips with other objects when the hold temperature was 70°,
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éven when the growth temperature for the following 72 hours was at 77°.
The higher temperature for growth actually reduced the mean root growth
in 2 tests (sece Table II) but the data are insufficient for confidence
on this observation,

Growth after a heold temperaturc of 77o was not tested becausc it
cannot be attained before launch, Holds longer than 12 hours werc also
not tested; the secds had been immersed in water about 4 hours carliecr
and germination had started in some seeds at 16 hours, Later work (sce
scction IV below) showed that the presence of a very short primary root
before launch will probably not prevent re-orientation according to the
distribution of its auxin but the hold period must be kept to a minimum
above 8 hours to prevent the germination time from exceeding 12 hours
by a significant amount, Launch stresses on root tips must be avoided
if possible lest they affect the form and orientation of roots that
develop at zero gravity., The hold period cannot exceed 12 hours with-

out compromising the experiment to some extent,

3, Scak and Hold Times

The extension of hold time from 5 hours to at least 8 hours after
the seeds are placed in the flight package forced us to abandon the
practice of soaking seceds for &4 hours before selection for planting.
tlhile our schedule required over an hour to plant a set of seed stalks,
we reduced the preliminary soak time to 2 hours, Since this period of
imbibition was insufficient to replace much of the water in the ripened,
partially dehydrated seecds, it was difficult to seclect the seeds that
would germinate promptly and produce perfect seedlings, The mean

length of scedling organs was also reduced,
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‘hen the speced of planting was increased to a few minutes pcr sccd
stalk and to about a half-hour for each package, the soak timc could bc
increased to 3 hours, Seed selection has now become dependable for =a
sermination of about 96%. The number of imperfect seedlings remcins
high but the date for orientation of roots remains adequate after clin-

ination of such seedlings from measurements, Coleoptile form is unai-

fected and the results of a 3-hour soak period are acceptable.

4, Surplus ‘later in Chambers

The growth of seedling roots in moist air requires the addition of
vater to ecach growth chamber at the start of an experiment, LXxperience
has shown that a supply in excess of that required to saturate the air
with water vapor serves as a special source of water to a plant with a
primary root long cnough and growing at the proper angle to touch the
film or pocket of water., The result is abnormal length of its colcop-
tile and primary root, An excess must also be avoided in the orbital
experiment because drops of water can collect anywhere in the abscncc
of gravity,
water is needed to saturate the air in a small chamber and that about
2.5 ml, will provide 100% relative humidity in the large chamber,

These amounts are now being used in our tests. Records of growth in
earlier tests had alrcady been corrected by omitting data for a few

oversize organs when computing mean lengths,

5, L.ubber Caps for Sced Stalk Arms

The capping system for arms of the sced stalks has been developed
&s a thin sheet of rubbcr held tightly by a small ligature that presscs

the shcet into the groove ncar the end of the arm, The excess rubber
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éam is cut away vith scissors before the Gapped stalks are filled with
vermiculite.

In an effort to make the capping process less laborious, molded
rubber caps were designed and supplied through the Ames Illesearch Center.
The problem was to prepare a cap with the thickness, tension and clas-
ticity found by experience to be needed for planting and holding the
soaked seed, Several models were made and tested but all failed to
serve as adequate replacements for the older method of rubber patch and

ligature,

6, Uniformity of Vermiculite Pack

A major factor in controlling the rate of wheat seed germination,
with all water reaching the embryo through the endosperm, continues to
be the supply of water inside the seed stalk, This supply is governed
by the capillary capacity of the vermiculite and a sustained flow of
water into the seeds through continuous paths of moist vermiculite that
nust maintain contacts with the seeds,

A joint study of the problem with our associates in the loading
and injection of the stalks during the period of tests in l'hiladelphia
(cf, Section VI) has developed an effective system for packing the ver-
miculite just firmly enough to retain and deliver water at all levels
in the stalk, Uniformity of pack is attained by a combination of tep-
ping and shéking the stalk as finely ground vermiculite is poured
slowly into the upper end., The particles must be small enough tc »ns-
a 0 soil sieve and must be settled firmly against the rubber cap of
ecach down-pointing arm as the powder is also firmed by tapping within
the center tube. The only air spaces left within a stalk form a laby-
rinth of capillaries of nearly equal diameters throughout the loadcd

stallk,
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7. Burning Slits in Rubber_ Caps

In place of a slit cut by fine scissors in each of the rubber cape,
the hole for inserting a soaked seed is now being burned or meltod by a
hot iron tip, heated clectrically, The tip was filed dowvm from thc
broad end of a wood-burning tool,

Ixperience in cutting the slits with the new tool has shown on
increasc in accuracy and spced of operation, The holes can be made of
uniform sizc and form and placed properly between the center and
upper® rim of cach rubber cap., The melted edges allow easy inscrtion

of a wet sccd without danger of enlarging the hole except by stretching

of the rubber that retains an even, firm grip on the seed,

8. Injection of Stalks

——g—

The column of evenly packed vermiculite is injected with distilled
vater with the aid of a 10~-ml, syringe and steel ncedle, The stalk is
set in a holder with the arms still pointing up aftcer the slits have
becen made in the caps and the large Allen screw removed from the
lower' ond, now uppermost,

Injection is started in the opposite end of the vermiculite colurm
after inserting the needle deep into the stalk through the slit in thc
cap of the arm nearest that end. As air is forced slowly upward by th<
capillary water, the syringe needle is inserted progressively into the
higher arm and finally into the open end of the stalk,

Thz injected stalk is then immersed, arms still pointing up, for =
few hours in a cylinder of distilled water, The last few air bubblcs
will escape through the punctured rubber caps, leaving a continuous
system of capillary water within the seed stalk,

The system is rcady for planting the sceds in the slitted caps

after the Allen screw has been replacad to close the end of the stalk.
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9. lore Lanolin in the Sealant

The groove in the wheat cndosperm causes a gap in the contact be-
tween the seed and the rubber membrane, regardless of the sizc and form
of the hole provided for seed insertion., ‘later can escapc through the
cap, with the danger of serious loss during vibration of the systom,

Prior to the Philadeclphia tests we had been using a mixturc of
2.5 parts lanolin and 1 part beeswax to £ill the gap. Some of the
scals verce dislodged during the 201 Vibration test and possible losscs
of water supply were indicated by reduced growth of the seedlings on
some stalks, Since the lanolin-wax ratio was increased to 4:1, the
seals have becn very firm and losses of water have not been indicated.
Qectention of the secal has also becn insured by more careful drying of

the rubber at the points where the melted sealant is applied,

10, Twin Camera Racks for lPhoto Records

Cur rccords of scedling size, form and organ orientation arc madc
on 35-mm, color film, used later in projection to obtain data for
analysis, Loss of a baseline experiment by loss of film or by damacc
done to it in processing would be inconvenient; loss of the only record
of the orbital experiment and/or its controls would be catastrophic and
must be prevented,

To guard against such a loss, 4 improved models of our camera
stand have been made, with one Pentax camera, suitable lens and coupled
strobe light attached to cach when assembled for use, Two of the scts
arce being used to record the results of the tests at Philadelphia be-
fore shipment to Cape lennedy, There they will be used to obtain dup-
licate rccords of the control eiperiments that grow while thc biosatel-

lite is in orbit,
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The other 2 camera racks were used first to record the results of
a speccial spacccraft test at lMoffett Field., These sets of photographic
cquipment arc being taken to the recovery laboratory in Hawaii for usc
at the cnd of the flight experiment,

The 2 sets of equipment at cach terminal laboratory are duplicates
>xeept for the location of the 45° mirror that provides an image of the
side view of a row of scedlings being photographed in face view in the
same picture, On one camera rack the mirror is set to show the lcft
side of the plants wvhile the mirror on the stage of thec other camcra
rack is on the right side of the sced stalk positioning pins, Vicus
of both sides of cach scedling are desirable because the position of a
lateral root tip is sometimes screened from view from the oppositc
side of the plant,

Tests of the dual system of records for experimental plants have
shovn that the scedlings can be photographed so rapidly on ecach camera
rack that ceven the root hairs are undamaged if the relative humidity
of thce room is at 75% or higher, The insurance feature of the dupli-
cate pictures plan will be further preserved by developing the 2 films

at scparate times,



12
I1I. USE OF STALK METHOD FOR SEEDLIIGS OTHER THAI' WHEAT

1. Growth Tests Vith Oats

The use of the Avena coleoptile for the first bioassay of a growth
hormone in 1926 plus the extensive work with this organ ever since for
auxin studies has suggested that oat seedlings might be better than
wheat and other grass seedlings for a biosatellite experiment, The
advantages of wheat over rye and barley were described on our report
of July, 1965, Similar tests with oats have now shown that wheat is
decidedly better in every respect for quantitative experiments without
being atypical in the physiological processes that are reflected in its
growth responses to the environment,

Before soaking the oat seced and planting it in the wheat holdcrs,
the hulls were removed with some difficulty from the largest plump
grains, The sets of seeds were allowed to germinate (without hold) in
darkness at 77° F, for 72 hours, The growth was recorded and analyzed
by the procedure used for wheat,

The data of the 4 tests with established usage are shown in Tablce
I11 below, The coleoptiles were longer and their curvatures greater
than for wheat but many of the side-view angles were negative on the
clinostat, The roots were all relatively short and showed only small
differences in orientation angles between erect and clinostat-growvnm
seedlings, There is no distinct central root, The left and right
roots of the table do not act as lateral roots and vary so much in
their orientation angles that the standard errors of the means are

prohibitive,



Table ITI, Avena Seedlings in VWheat Stalks
(mean lengths in mm: mean angles in degrees)

Seed, Coleoptile Primary Root Left Root Right Root
@ Position it ¢ oth FaceO Side® Lgth Faoe® Side® Lgth Face® Side® Lgth Face® Side®

Erect 11 9.8 6,9 5.8 1740 176,3 13,9 11,9 20049 248 13.8 165.9 19.9
" 12 1Lk 6.6 7.6 LuS 18H.9 16,2 1140 1886 19,9 12,6 161.L 31.8

Clinostat 11 12,1 16,8 21,1 1,7 = 2719 12,0 181,9 53,3 12,0 13h,2 2.8
" 9 12,6 3h8 18,6 17.6 =* 20,7 16,3 190,1' 23,7 13,0 128,2 39.9

* Not significant

Except for the strong response of the coleoptile to the elimina-
tion of a geotropic response, the oat seedling would be less useful
than either rye or barley as a substitute for the vwheat seedling., The
same tendencies to growth curvatures appear in the &4 organs of all
these cercal seedlings but the wheat seedling is superior as an experi-

'. mental plant for quantitative studies,

2, Holder System for Dicotyledonous Seedlings

After earlier efforts to germinate good seedlings of the pea type
in holders with rubber membranes around the cotyledons, we have re-
turned to the hollow wick system which we had developed about 2 years
ago for wheat, The cloth tubes must be larger to accommodate the
Dicotyledonous seeds but a satisfactory source has been found in the
form of white cotton laces for ski boots, Sections of them fit over
the side arms of the plastic tube holders used for wheat just prior to
the type made for the prototype package, The same fine vermiculite
holds the water in the stalks and the cotton cloth keeps the cotyledons

properly wet,
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Good germination and growth of seedlings for several days has been

obtained with vetch (Vicia villosa) and Canada field peas (Pisum sati=-

vum var. arvense), The seeds arc sterilized chemically, soaked in
water for scveral hours, seclected for size to fit the cloth tubes, and
inserted with the radicle side outermost, A steel needle is passcd
through the cloth and cotyledons without injury to the growing points
of the embryo,

The largest vetch seeds produce seedlings with epicotyls and stems
up to 10 mm, long. The root systems are shorter, ‘'hen grovm on a
clinostat, the primary root and epicotyl make a characteristic angle
of less than 209, without strong curvatures in either, Sccondary roots
develop in a few days but the lecaves and hooked tip of the stem are
very small,

Canada field pcas must beseclected for the smallest seeds because
the embryo swells so much during tihie imbibition phase of germination,
Deforce planting in the wicks, the seed coats are excised from the
radicle and epicotyl region, This part of the seed is left free of
the cloth tube as the retaining pin is inserted, The axis of the
embryo can be oriented as desired to permit growth of root and shoot
with a minimum of contact with other objccts,

The scedlings will grow in the present model of holder for at

™

least & days, After about 5 days, the stem is 4 or 5 cm, long, bears

a leaf and retains the plumular hook at the tip if the plant is turned
on a clinostat, The primary root is shorter and bears sccondary rcotr
after the third day.

From a small number of tests with clinostats, we cannot describe

a pattern for growth form beyond the development of srowth curvatures



15
in all cpicotyls and primary roots, The diameters of these organs are
large enough from thc sccond day on to permit their usc for experiments
with chemical treatments and excision tests, Ve would like to continuc
experiments with the pcas, using them for auxin studies as time permits.
"le have presented a proposal to grow them in an orbital experiment on
some satellite, preferably one from which the seedlings can be rccove

ered intact,



IV. PIYSIOLOGY CF SE:EDLII'G ORGAN OR IENTAT IO

1, Apical Dominance of Primary Root

Tthenever the primary root of an erect wheat seedling does not
elongatc normally, it also fails to respond as usual to the force of
gravity. Growth curvatures always develop early in a short, thick
organ, In thesc cases of atypical form and length, the seminal roots
also fail to grow at their characteristic ansles; they grow ‘idovmwardh,
much as the branches of & stem tend to replace the leader when thoe tor-
minal bud is injured or removed,

Along with other ecevidence that the presence of the indoleacetic
acid type of growth hormone, and its distribution in response to the
force of gravity, control the orientation of the seedling roots, the
changes in thc root pattern of these atypical cases suggest a dominance
cffect of the primary root during normal germination of wheat, If the
auxin physiology is similar to that established for apical dominancec in
stems, growth hormone supplied by the elongating root may influence the
auxin supply or distribution within the lateral roots,

Cur attempts to influence the orientation of these roots by eb-
scission of the primary root have failed completely to alter the growth
position of lateral roots. The absence of abscission effects, however,
does not preclude an endogenous hormonal relation between the primary
and seminal roots, The internal defect responsible for the abnormcal
primary root may well cause the supply of auxin or auxin precursors tc
be diverted to the seminal roots. These roots appcar to be longer than
normal in the absence of a primary root from the start but the pathways

of auxin supply are as yet unknown,
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2. Trecatments YUith Exogenous Auxin

In an attempt to modify the growth rate and/or the orientation of
seedling organs, a 1% emulsion of indoleacetic acid in lanolin was ap-
plied to the faces of wvheat cembryos at the 48-hour stage in their ger-
mination, The treated secedlings were growing with controls on sced
stalks that werc either erect or turning on a clinostat., Thec sects of
secedlings were removed from the growth chambers only long enough for
picturcs and applications of the paste with a glass rod,

From pictures of the seedlings before and 24 hours after thc auxin
application, analyses were made of root length and orientation, I'o
influence of the ecxogenous auxin could be found, The work only served
to confirm carlicr observations that the orientation of a root is de-
termined largely before the end of the second day of its growth, The
tests must therefore be repeated with carlier applications of the auxin,

tlegative results have also been obtained by applying the auxin to
the surface of a young root, 1ihen a drop of 0,25% emulsion of the hor-
mone in lanolin was placed on the "upper side' of a half-growm latcral
root, it had no effect on the angle of root tip orientation, then ap-
plied in the same way to a root only a few mm, long, the root ecither
grcew at the same angle as before or growth was checked abruptly.

These tests must be repeated with young roots and weaker conceont:rc-
tions of auxin, The absence of an effect on older roots is probabl--
duc to impermeability or lack of good contact between the lanolin ond

the surface of the half-grown root.

3. Liaintenance of Angular Crientation of loots

tiost of our measurcments of root orientation have been nade afte:

germination has procecded for 72 hours beyond the period of soaking and
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a subscecquent hold time that is now established at about 8 hours. Sincc
one set each of seedlings will be killed and fixed in orbit after
growth periods of 48 and 60 hours respectively, the use of measurements
from these dead seedlings requires a comparative study of changes in
root orientation during the 3 days of germination. {fe have made this
study and reported on it in detail in April, 1966,

For erect seedlings there is some fluctuation in the exact loca-
tion of the primary root tip as this root grows downward with the face-
view angle for any one root remaining either slightly larger or smaller
than 180° during the third day of growth, The side-view angles vary
very little but the face=-view angles for the lateral roots change
gradually in the direction of the 180° line as the increasing weight of
the tissue pulls the root tip progressively lower,

tthen the 3 roots develop on a horizontal clinostat, the orienta-
tion angle for the face view of any one root usually remains close to
the angle registered at the end of 48 hours, Some of the lateral roots
show a weight effect on orientation as the plants are set erect before
the camera for the later records but many other roots that elongate on
clinostats have their tips raised farther from the 180° line after 72
hours than they were at 48 hours, This effect is due to strong root
epinasty and secems to be associated with seedlings that are growing
vigorously,

Analysis of the side-view angles for roots photographed at the 3
stages of growth shows small errors of the means for the measurements
at 43, 60 and 72 hours. Lxceptions occur when the lateral roots are
too short at 48 hours to have developed curvatures in side view, or
when long, heavy roots on older plants show the weight effect as the

pictures are taken of the erect stalks of seedlings,
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This good agreement in the orientation of roots grown without a

directive effect of gravity makes it possible to éombine the data for
the 3 stages of germination. Data from the flight experiment can be
assembled for comparison with the measurements obtained from the simul-
taneous clinostat control experiment, As an indication of distributicn
of auxin within the elongating roots in the absence of geotropic rec-
sponses, the consistency of imbalance in the lateral roots during tihic
period of most rapid growth adds further to our knowledge of the pecul-

iar transport process that results in root epinasty,

4, Changes_in Orientation with Alternation of Growth Position

As a critical test of the auxin hypothesis for control of root
orientation in the vheat seedling, we have grown the plants under first
onecondition of exposure to gravitational force and then a seccond con-
dition, The contrasting positions were growth erect to gravity vs.
growth on a horizontal clinostat, If the orientation of a root tip is
determined to a measureable degree by the distribution of its endoge-
nous auxin during the period of elongation, rather than being predc-
termined by growth regulators that act within the embryo before or at
the time of root emergence, a change in the effective gravity vector
from the erect position to the conditions on a horizontal clinostat,

or vice versa, should produce changes in the orientation of tissues

formed after the tropistic effects of gravity are altered,

This alternation method has been used for 17 experiments, each
with 12 or 15 seedlings grown in our holder system for 72 hours after
initial seed immersion in water and 8 hours of hydration by contact of
endosperm with wet vermiculite before organs were formed by germina-
tion, The 72 hours of subsequent growth were divided into an initial

period of 38 hours and a sccond period of 34 hours, as indicated in
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‘Table 1V, The data for root orientatioﬁ are thetre récorded as means
of angles measured by methods deséribed in eafliér reports, The stand-
ard errors of the means show the variability tHat shoﬁlﬂ be considered
for each mean angle in evaluatifg the diffefeﬁées in orientation under
altered conditions, Significant changes in orientatioh of the root tip
after a change in positioh reflect gravitational effects on growth
regulation during the elongatioh process;

The average positioh of the primary root could not be expected to
change much from that reached in the first position, sihte about two-
thirds of the elongation had been completed before the shift at the end
of 38 hours, The most significant change was that produced in the mean
side-view angle of about 55° after initial growth on the clinostat;
during later growth in the erect position the roots grew downward enough
to reduce greatly this angle of displacement from the seedling axis,
The lateral deviations (from 180°) in the face-view angles were also

smaller in erect plants,

Table IV. Effect of Gravity on Orientation Angles of heat Roots

Growth Positions Erect —) Clinostat Clinostat —» Erect

Hours of Growth 38 . 34 38 '3h
Prim. Root face view 182,2 + 1,k 18%,7 + 2,h 171.3 ¢+ S,L 171.7 + h,0
L9 12,31 3.7 30.5

" " deviation® 10,0 + 1,0 1,6 » + 2,9
"' side view 2L x 16  2LL+2,9 5h6:2.9 39.8: 2l
Left Root face view 2Lh,1 + 1,2 257.8 +2,5 275.9 + 2,0 252,2 + 1,6
L. side view 12,1 + 2,1 63,2 + 5.5 9.5 + 5.9 16.6 + 3,5
Right Root face view 117,1 + 1,1 105,8 + 2,  87.3 + 1.5 109,5 + 1,5

" " side view 15.3 st 2o1 5305 + 502 9601'-

t+

6.8 1.5 + 3.5

3 . as . .
Deviation from 180° in face view
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A similar direct effect of gravity during the clongation period of
srowth appears clearly in the data for both face- and side-view angles
of the lateral roots, Tor change of position either from ercct to
clinostat or vice versa, the face-view angle between the root and a
180° orientation line was larger when the seedlings had just been growv-
ing on a clinostat, The side~view angle increased sharply if the shift
was made to the clinostat and decreased when the plants were sct ercct
to gravity after rotation for 38 hours in the horizontal position,

The larger face=view angle between the average lateral root and a
180° orientation after growth on a clinostat indicates the persistence
of the root cpinasty effect as the roots clongate; a different imbalence
in growth regulation causes the root tip to be placed outsidec the plane
of the 2 lateral roots, as measured by the side-view angle., Sincc the
curvature which thus displaces the root tip to either side of this planc
appears in both erect and clinostat seedlings, it probably represents
variable imbalance in growth of suspended roots, imperfectly controlled
by auxin distribution under the influence of gravity in erect plants
and uncontrolled by gravity on a clinostat,

This proof of changes in orientation of roots when they are changed
from the effect of gravity that may have induced a characteristic
geotropic response in a newly formed root tip to a condition lacking
in the effect of gravity has served to increase slightly the time that
the wheat sceds can be held ater T-0 without desrading the results of
the orbital experiment., A possible few millimeters of growth of the
primary root during an enforced hold of a few hours can be tolerated
without compromising the use of this root's final orientation as a cri-

terion of the effect of weightlessness on growth regulation in a root,
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5. Acceptance of a Paper by Editor of Plant Physiology

‘le reported in April, 1966, that we had submitted the manuscript
for a technical paper on seedling physiology to the editor of Plant
Physiology, That paper was accepted for publicatio&?déppeared in the
June, 1966, issue, The title is "Orientation of 'lheat Seedling Organs
in dlelation to Gravity" and Dr, Katsuyuki Yokoyama is a co-author.

This paper describes the techniques for growing grass~type seced-
lings in the sced stalks developed for the biosatellite experiment,
reports the results obtained with wheat and certain other small grains,

and presents an analysis of the action of growth hormones in relartion

to the force of gravity. —
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V. INMNSPECTION TRIFS AMND EXPER IMENTER MEETINGS

1. Philadelphia Conference and View of Flight Hardware

The conference on February 17-18th at the Space and Reentry
Systems Division of the General ilectric Company was valuable for the
introduction to our flight hardware, the test conditions there, and the
steps by which we shall learn to prepare our experiment on a tight
schedule for incorporation of it into the payload of the spacecraft,
le were instructed in the importance of writing out the precisely=-timecd
steps to be followed in the drill to prepare experiments for declivery
on schedule to the team of engineers who will load the vehicle,

In a group meeting of the experimenters with the wheat seedlings,
we discussed the limitations and methods for the spacecraft tests, the
use of our trailer laboratory, and the equipment needed for simulation
of pre-launch and post-recovery operations, 'le also compared notes on
special methods being used in our home laboratories to improve tech-

niques for growing uniform seedlings,

2. Ixperimenters' Uorkshop in lLos Angeles

During the period between similated launch and recovery of the
viarch 20-24 qualification test at the North American Aviation facilities
in Los Angeles, the experimenters took advantage of the opportunity to
draft joint replies to requests from the Biosatellite Office for spc-
cific information and to prepare "standing instructions" for pre-launch
and post-recovery operations.

le worked long hours by night and day to prepare outlines and ti-~ -
tables for all phases of the experiment. Secretarial service producel
the necessary copies of our letters and S, I.'s, The times required for

the tasks performed under the tentative plans for the Los Angeles test
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" were used to develop a timetable that could be maintained by an experi-
enced crew, Difficulties encountered through inadequate equipment and
foresight were reviewed and noted as situations to be avoided in later
tests,” Personnel for all steps in the operations were designated for

their skills, experience and availability,

3. Cape Kennedy Inspection_and Conference

The April meeting of experimenters and others involved in launch-
ing the spacecraft from Cape Kennedy gave us a clear idea of the complex
assignment to assemble a payload in cooperation with the rocket engi-
neers, 'le were able to check on the laboratory space provided for
loading the wheat seedling package and to arrange for such supplemen-
tary facilities -as humidifier, work -tables and office desks.

We worked at night to perfect our standing instructions and to
draft joint replies to requests for details of materials, control ex-
periments, personnel and technical points needed at once by the admin-
istrative officers of the project. The final stages in this joint
study of working outlines and provisions for adequate equipment in the
launch and recovery laboratories were completed at Emory University in
Atlanta, Georgia, where the vheat seedling experimenters from the Vest
and ilorth gathered for one day's work on the return trips to their

homes,
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VI, TESTS AMND TESTING PROBLEMS

1. Biocompatibility of Flight Hardware .

A unit of the flight-type package, slightly modified from the pro-
totype form, was given a complete qualification test of mechanical anc
biological compatibility in the facilities of iorth American Aviation
in Los Angeles on liiarch 20-24th, The test was conducted with a full
complement of plants on a timetable of simulated hold before flight,
cstimated profiles of vibration and acceleration stresses at launch,
72-hour orbit (on a clinostat) with in-flight fixation of seedlings at
43 and 61 hours, reentry stresses, and a delivery time of 5 hours after
recovery,

Three packages were loaded with seed stalks at hourly intervals,
with sceds soaked for 2 hours and planted in about 30 minutes per pack-
age, The flight-type package was prepared first, before the workers
had overcome some difficulties of new equipment and changes in the de-
sign at one end of the sceed stalk. The clinostat control and erect
control packages were better prepared, partly because the stalks were
prototype and ecasy to load properly by our established methods, The
data for number of seedlings and mean lengths of their organs are assem~
bled in Table V below,

The serious problem of soft and uneven vermiculite packing in all
flight hardware stalks and in some of the control package stalks was
considered to be the cause of subnormal germination and growth through-
out the flight package and in a few chambers of control packages,

Inspection of the seed pockets at the close of the test confirmed
the fear that loss of contact between endosperm and vermiculite in the
side arms had resulted in many ungerminated seeds and secedlings with

suspended growth, The presence of mold on these seeds may have



26
contributed to the poor or inhibited growth of the embryos but the poor
packing of the side arms was probably the major reason for failures,

New methods were introduced for the post-recovery operation, such
as 85% relative humidity in the disassembly laboratory, opaque cylin-
ders with a basal supporting cup in each for dark storage of seed stalls
between photography and seedling measurements, and an improved model
of rack for camera, 45° mirror and seed stalk positioning pins. These
new methods and others used for pre=launch tasks proved successful in
meeting needs for improving our procedures but certain failures to
apply them properly emphasized the need to have a second person check
each operation as the work is being done.

Except for minor differences in a few cases, the coleoptiles and
roots of the seedlings that grew during the test were oriented as we
have found them to be in earlier growth tests. The stresses of launch
and reentry do not appear to have affected the mechanism of orientation.
The data of particular interest for this essential point are the mean
values of the orientation angles for seedling organs grown in the new
hardware and organs grown in prototype hardware in the clinostat
control package, shown in Table V on the next page.

The first 2 entries in Table V show excellent agreement of the
means within accepted statistical limits except for a small difference
in the face=-view angle of the right lateral root. Comparison of this
measurement with that for the clinostat.’standard (third entry in Table
V) shows that the plants in the flight package came closer to the
standard than did the seedlings in the clinostat package. The larger
mean angle for this measurement in both test packages was probably due
to the less vigorous growth of the seedlings with the water supplies
for the 77-hour growth period reduced by the sub-optimal conditions

for loading the stalks.



Table V. Méan Orientation Angles of Wheat Seedling Organs

NAA Test of Flight Hardware - March 20-24, 1966

Coleoptile Primary Root

Right Root-

Left Root
Package Face Side Face Side Face Side . Face Side
Flight 6.5 12.6 . % 38,6 270.2 91,0 86,2 95.3
(new) S.E. 2,0 2,3 8.6 5.1 15,5 3,4 12.2
Clinostat 9 12.3 ¢ 43,4 275.3 99.2 96,9 69.3
Control S.E. 1.2 1.6 7.3 4,0 11,7 3.1 10.2
Clinostat = “11.4 12.8 : 44,4 285,1 116.7 75,1 123.7
Standard S.E. .8 1.4 3.0 1.8 3.7 1.8 4.0
Erect 4,1 6.0 182,1 13,4 230,5 17,0 132.6 21,1
CbntI‘Ol SoEc .9 1.1 2.0 3.0 3.3 303 3.2 501‘ )
' Erect 3.8 5,5 184,2 12,4 237,0 21,3 121,7 18.4
Standard S.E. .4 1.8 9 1.0 1,3 1,67 1,4 1,3

* Mean has no significance
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The mean face=view angle for the left root in both clinostat and
flight packages reflects the same reduction in the epinastic curvature
over that of the clinostat standard (285.1°). The smaller side~-view
angles for lateral roots in the test packages and the reduction in
face-view curvature of the (shorter) coleoptiles of the test, in con-
trast with the corresponding data for the clinostat standard, attest
to the same lack of vigorous growth.

In spite of these quantitative differences in orientation of
seedling organs and in vigor of the seedlings grown in the flight
hardware for the first time, the test in Los Angeles proved the bio-

compatability of the new package for its use in an orbital experiment.

2. Vibration Test in 201 Spacscraft

Nature of Test

A severe vibration test in the General Electric Co. facility at
Philadelphia was applied in an experiment that ran from seed soaking
on May 27th at 0930 to May 30th at 1930, At this time the seedling
organs were measured after a photographic record had been made in
duplicate on separate films, one with the 45° mirror at the right and

the other with the side-view image in a left-hand mirror.
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The vibration was random and longitudinal with the axes of the
embryos, applied for about 4 minutes of simulated launch but at the
qunlification level of 50% above the forces expected at launch. The
seeds had been immersed in water about 12% hours before vibration and

were thus ungerminated,

The vibrated package was flight-type, without fixation squibs,
and loaded with 73 seeds of the 1964 crop on 6 stalks that werc num-
bered in the cstablished pattern of l g % where stalks 1 - 3 are in
single cylinders and stalks 4 - 6 with 12 seeds each are spaced evenly
in the large chamber, The control package was prototype and differed
in seedling plan only by having 15 seed arms on stalk 3 rather than 12
seeds as in the flight-type hardware. Stalks 1 and 2 carry 15 sceds .
~ach in both types of packages,

Following vibration of the spacecraft and its several experimental
packages, the vehicle was held intact at unknown temperatures for
mechanical checks before disassembly and delivery of the wheat scedling
package to the experimenters at 1100 on ilay 28th, The seeds had then
begun to germinate at the age of 25% hours from initial soak time, with
a fewv primary roots about 0.5 mm. long. Seeds in the control package
had germinated to a slightly greater extent at the laboratory tempera-
ture of 74 4+ 1° F,

Shortly before return of the vibrated seeds, the erect, non-
vibrated stalks (with seeds 23 hours from initial soak time) were re-
moved from the package in 2 groups and placed in jacketed cylinders *o
permit continued growth for the 72 hours of simulated flight time plus

a few hours of simulated recovery period. Stalks 1, 3 and &4 werc
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transferred to chambers mounted on horizontal clinostats for rotation
at 1 rph, Stalks 2, 5 and 6 remained erect in a large cylinder to

. which stalks 1, 3 and & of the vibrated package were later brought and
set erect until the closc of the experiment,

The distribution of stalks of vibrated seeds was made as soon 2as
they were returned from the spacecraft, Stalks 2, 5 and 6 werc sealcd
in clinostat chambers and growth was allowed to proceed in all chambors
at laboratory temperature of 74° F, until the test was closed with
measurcments at seedling age of about 82 hours,
ixXperimental Data

liean Lengths of Seedling Organs (+ S, Z.)

Treatment ilo. of Coleoptile Primary Left Root  Right oot
Scedlings Root
Vibrated S
Clinostat 14 5.9 +1.0 29,7 + 3,1 16,9 + 1.7 18,4 £+ 1.3
10 3.5 +0.3 22,0+ 2,4 13,7 +1.8 13,2 + 3.1
12 4,8 + 0,6 24,2 + 2,4 17.9 + 0.9 17,7 + 1.1
® 36 Mean 4.9 25.4 16,7
Erect 14 3.4 +£0.4 19,2 + 1,7 14,1 +£1,9 12,6 + 2.5
12 3.8 +£ 0.3 23,9 + 2.9 13,8 + 2,7 14,5 + 1.2
12 3.2 + 0,5 20.5+ 2.0 15,0 + 1,8 13,6 + 3.2
38 ilean 3.5 21,1 13,9
tlon-Yibrated
Clinostat 15 7,6 + 0.6 29,4 4+ 2,9 19,7 + 2,0 17,86 + 1,2
13 2.1 + 1,0 41,1 + 3.0 26,5 + 1.7 23.3 + 1.9
12 4,0 £ 0,6 20,8 + 3,0 13,0 £1,8 14,0 + 1,5
40 HMean 7.0 30.6 12,3
irect 13 3.5 +0,7 23,1 +£ 2,8 13,3 £ 0,6 11,3 + 1.7
7 3.8 +0,3 23,6+ 4.9 17,6+ 2,5 13,3 + 3.0
12 4.5 +0,6 25,2 +1.8 16.4 + 2,83 15,8 + 2.4
32 3.9 2.0 14,5
Conclusions

1. Doth vibrated and non-vibrated sceds grew slightly faster on
clinostats than erect, the usual result that seems to be due to an even

. distribution of the water supply by reason of rotation of the sced stalk,
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2. The slightly recduced grouwth of scadling organs from vibrated
sceds over non~vibratced seeds with the same growth conditions after
vibration time may be due to loss of water from the stalks during vi-
bration but except for the lengths of coleoptiles that develop on
clinostats, the differcnces are not statistically significant,

3. llcasurcment of the possible cffect of vibration on the orien-
tation of seedling organs has not yet been complcted but study of the

pictures taken at the close of the test suggests no ecffect,

3. Thermal-Vacuum Test of 201 Spacecraft

tlature of Test

To test the spacecraft systems for maintaining the biosatellite
experiments within specified limits of capsule temperature and pressurec
during orbital flight, plus the bechavior of the biological materials
during the test, the fully loaded and instrumented vcechicle was cnclosed
in a vacuum test chamber for 3 days of simulated orbit, The predicted
range of temperatures was programmed by the use of electric blankets to
replace solar radiation and an enclosing reservoir of liquid nitrogen
to provide the low temperature of space, The actual environment was
monitored and recorded from the time of assembly through simulatcd re-
entry by a system of telemetry like that to be used from the orbital
path,

The wheat seedling experiment was included in the payload for the
test of June 12-16, 1266, The period of simulated flight was Junz 13
at 1000 to June 16 at 1000, preceded by about 12 hours of pre-launch
hydration of the seeds and followed by about 13 hours of check-outs and
disasscmbly, The profile of temperatures for the scedlings during the

test was characterized by 12 hours above 70° F., a cold phase in the
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test chamber with capsule temperatures in the low 60's, a warm phesc of
high 60's and low 70's, and 13 hours of temperatures from 66° to 70° T,
tlaterials

The test package was the one used for the 201 Vibration test but

the fixation squibs had been installed for use on command at 48 and GO
hours after 'launch'’, Control plants of the same number were grown in
the same type of sced stalks set in lucite cylinders and held at a
temperature of about 749 F,

Procedure

Junc 12 & 13 Three~hour soaking, selection and planting of
seeds in 12 prepared stalks,

June 15 Fixation of plants in chamber I at 1000 and in
chamber II at 2200, with simultaneous photogranhy
and measurement of seedlings from the corresponding
stalks in control cylinders,

Junc 16 Close of test with pictures and measurcments of
organs at seedling age of 97 hours for unfixed test
seedlings and 90 hours for stalks 1II-VI of control

plants,
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' Experimental Data

Lengths of Seedling Organs

Test Chamber Seceds age Coleoptile Primary Root Lateral Root
Package I 15 60 hrs mean=0,40 mm mean=0.37 mm mean= 0 mm
11 15 72 mean=0, 90 mean=0, 57 mean=0,13
17l 12 97 total 7.0 total 9.5 total O
v 12 " " 14,0 "o24.5 no2,5
\ 12 U " 16,5 "o32.5 no18.,5
vi iz " " 12.0 " 27.0 "o24.0
I11I-VI 48 " 49,5 B 93.5 "o45,0
97-hr mean 1.03 mm 1.95 mm 0.47 mm
Control I 15 60 hrs mean=2.4 mm mean=18.3 mm mean= 4,6 mm
Package 11 15 72 hrs mean=3.7 mean=25,5 mean=11,2
II1 12 96 total 62,0 total 355.2  total 414.,0
v 12 i 48,5 v 201.6 v 383,9
\ 12 " " 58,0 " 339.0 " 399.0
Vi 12 " " _36.0 v _167.0 v 211.0
I1I-V1 48 " 204.5 " 1062.8 " 1407,9
96-hr mean 4.26 mm 22.14 mm 14,67 mm
Conclusions

1. The growth of the seedlings in the test package was initiataed
but severely inhibited by something.

2, The normal growth in the control cylinders showed that tche_ in-
hibitory factor was contained within the spacecraft,

3. If it was not within the test package, the retarded growth m~-
have been due to low temperatures, since the small seedling
organs had a normal appearance such as root hairs on roots long

enough to bear them,
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4, The unknown factor must be corrected before the experiment

can be considered ready for use in the biosatcllite project,

4, Efforts to Identify the Cause of the 201 T-V Failures

Toxicity in Hardware?

To test the 201 package for possible toxic compounds that might

have been released or produced within the polycarbonate cylinders since

the hardware had been used for the 201 Vibration test, a 72-hour growth

test was conducted at once.

Two stalks of 12 seeds each were prepared and installed in the

large chamber without cleaning it in any way. The same number of secds

were planted in 2 other stalks set erect in separate lucite cylinders,

The growth of the seedlings from the two sources was measured at the

end of 72 hours with a temperature of 73 ¢ 1° F,

organ lengths were as follows:

The means of seedling

Growth in Coleoptile Primary Root

Test Package Chamber 4.1 + 0.7 mm 24.2 + 2,2 mm
3.7 £ 0.3 24,9 + 2,1

Control Cylinders 4.2 + 0.3 26,5 + 1.4
3.0 £ 0,2 23.1 + 1.4

Lateral ioots

12,6
12.7
11,7

6.0

o
x
-+

ol

1.3 mm

D

0.

1.0
1.2

The close agreement of seedling growth in the test package with

the normal growth of the control seedlings removed all doubt that the

cause of the retarded germination in the thermal-vacuum test might be

inhibitory compounds within the test chambers.

in both containers in the laboratory.

zrrors_in__.eport of Spacecraft Temperatures?

The seedlings grew wall

Since all temperature readings were obtained from thermistor data

telemetered from within the payload compartment during the test, the
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General Llectric Company was asked to verify the accuracy of its date,
In the absence of any other reasonable cause for the slow development
of roots and coleoptiles that appeared to be healthy, a temperaturc
close to the minimum for wheat germination, perhaps as low as 50° T'.,
was indicated by the plant growth,

The directors of the thermal-vacuum test have insisted that their
data are correct. Later checks with thermocouples beside their ther-
mistors have confirmed the accuracy of their measurements as reported
by telemetry.

Later Developments

The report period closed without a solution to the problem of re~
tarded germination. This report could be prepared only after about 2
months of study and growth tests had been devoted entirely to the dis-
covery of the cause for the inhibition. The non-toxic interference
with seed germination was reported on August 25th to originate in the
heater blankets around the growth chambers but the real cause for the
inhibitory effect of the electric current within the heating units Is

still unknowm.
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